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PROJECT:  High  Gain,  High  Resolution  Studies  of  the  Vertical 

Directionality  of  Ambient  Noise  and 
Sound  Propagation 

PROJECT  LEADER:  Frederick  H.  Fisher,  Research  Oceanographer,  (619)  534-1796 

Victor  C.  Anderson,  Prof.  Applied  Physics,  (619)  534-1793 
John  A.  Hildebrand,  Assist.  Res.  Oceanographer,  (619)  534-4069 
William  S.  Hodgkiss,  Associate  Professor,  (619)  534-1798 


Preliminary  Expedition  Report  for  October  1987 
Vertical  Line  Array  Experiment  -  R/P  FLIP 

The  Vertical  Line  Array  Experiment,  conducted  during  September  1987,  was 
designed  to  study  acoustic  propagation  and  noise  at  low  frequencies.  An  acoustic  array 
of  120  hydrophones  deployed  vertically  from  R/P  FLIP  collected  19  days  of  almost 
continuous  recordings.  Two  low  frequency  acoustic  sources  (HLF-3  and  HX-90) 
transmitted  over  11  days  at  frequencies  ranging  from  11  Hz  to  200  Hz.  Environmental 
measurements  collected  during  the  experiment  included  SVP,  CTD,  XBT,  AXBT  profiles 
as  well  as  current,  wind  speed,  swell  height,  air  temperature  and  ship  sightings. 

Ambient  acoustic  noise  measurements  collected  throughout  the  experiment  may  be 
correlated  with  the  varying  environmental  conditions  encountered  (5-25  knot  winds,  0-6 
m  swell).  Preliminary  (at  sea)  data  processing  indicate  that  the  acoustic  transmissions 
(both  cw  tones  and  coded  sequences)  above  50  Hz  are  observed  with  large  S/N. 

Acoustic  transmissions  below  50  Hz  require  additional  processing  and  array  gain  for 
detection.  Figure  1  shows  a  time-line  for  array  recording,  acoustic  transmission  and 
environmental  data  collected  during  the  VLA  deployment. 


Array  Configuration 

The  vertical  line  array  consisted  of  120  hydrophone  elements  spaced  at  7.5  meters 
apart  for  a  900  m  aperture  and  a  half-wave  length  frequency  of  100  Hz.  Almost 
continuous  recordings  were  collected  of  120  acoustic  channels  at  a  500  Hz  sample  rate 
and  12  navigation  channels  at  a  2.5  kHz  sample  rate.  The  low  frequency  acoustic 
signals  were  filtered,  providing  a  10  -  250  Hz  pass  band.  The  high  frequency  navigation 
signals  were  narrow  band  filtered  at  12  kHz. 

Acoustic  navigation  of  the  array  was  conducted  using  three  bottom  transponders 
in  a  triangular  configuration  at  approximately  1  nm  in  horizontal  range  from  FLIP  and 
a  12  kHz  transmitter/receiver  pair  mounted  on  the  bottom  of  FLIP.  The  transponders 
were  interrogated  from  FLIP  and  the  transponder  replies  were  recorded  by  the 
navigation  channels  in  the  array.  The  location  of  FLIP  relative  to  ihe  transponders 
was  recorded  once  per  hour  during  the  experiment. 

Acoustic  ambient  noise,  MLS  coded  sequences  and  narrow-band  tone  data  were 
recorded  with  the  top  of  the  array  at  3  different  depths  so  that  hydrophones  spanned 
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the  water  column  from  400  to  3100  meters.  Long  term  records  were  obtained  from 
continuous  observations  for  10  days  with  the  array  spanning  400-1300  m  depth. 

A  beam  pattern  test  was  conducted  with  the  HX-90  at  approximately  1  nm  in 
range  and  300  m  in  depth  transmitting  at  175  and  200  Hz.  The  test  commenced  with 
the  top  of  the  array  at  2241  m  and  both  frequencies  were  recorded  at  75  m  increments 
as  the  array  was  raised  to  the  surface. 

In  addition  to  the  VLA  a  variety  of  low  frequency  sensors  were  deployed  for  one 
day  during  the  period  of  long  range  acoustic  transmissions.  These  sensors  included  VLF 
Sonobouys,  freely-drifting  Swallow  Floats,  and  Ocean-Bottom  Seismographs.  Direct 
comparison  between  these  sensors  and  the  VLA  should  yield  information  on  their 
relative  sensitivity  to  VLF  transmissions. 


Acoustic  Transmissions 

During  the  VLA  experiment  acoustic  signals  were  generated  by  two  different  low 
frequency  sources:  an  HLF-3  deployed  from  the  USNS  De  Steiger  and  an  HX-90 
deployed  from  the  USNS  Narragansett.  These  acoustic  signals  spanned  the  VLF 
frequency  band,  ranging  in  frequency  from  11  Hz  to  200  Hz.  Both  continuous  wave 
tones  and  MLS  coded  sequences  were  transmitted.  CW  tones  included  11,  16,  21,  27,  41, 
56,  81,  98,  115,  135  and  159  Hz  and  coded  sequences  were  at  60  -  100  Hz  as  well  as  at 
175  -225  Hz.  These  signals  were  transmitted  for  approximately  10  days  at  a  range  of 
several  convergenze  zones  from  the  receiving  array.  An  additional  day  of  acoustic 
transmissions  was  divided  between  5  intermediate  waypoints.  For  6  hours  each  day  the 
transmitting  ship  location  and  FLIP  location  were  determined  by  GPS  navigation. 
During  the  long-range  transmissions  the  source  was  acoustically  navigated  within  a 
transponder  net  to  yield  its  location  with  an  accuracy  of  a  few  meters. 


Environmental  Measurements 

Environmental  measurements  were  collected  throughout  the  experiment  by  the 
three  seagoing  vessels  and  by  coordinated  P-3  flights.  These  measurements  were 
directed  toward  characterizing  the  sound  velocity  profile  between  the  acoustic  source 
and  vertical  line  array  as  well  as  characterizing  environmental  noise  sources.  During 
the  10  day  period  of  long  range  acoustic  transmissions  daily  CTD  casts  (17  total)  were 
conducted  by  the  source  ship  {De  Steiger)  and  at  least  twice  daily  XBT  casts  (52  total) 
were  conducted  by  the  receiving  ship  {FLIP ).  The  Narragansett  made  two  along-track 
SVP  surveys  with  20  nm  spacing  during  this  period  (75  total  SVPs).  In  addition,  two 
P-3  flight  conducted  AXSV  surveys  with  20  nm  spacing,  one  at  the  beginning  and  one  a 
the  end  of  the  long  range  transmission  period.  Immediately  following  this  period  the  De 
Steiger  conducted  22  CTD  casts  at  locations  between  the  source  and  VLA  receiver. 

Two  current  meters  were  operated  at  50  and  100  m  depth  from  FLIP  to  indicate  the 
current  flow  in  the  vicinity  of  the  VLA.  The  combination  of  these  surveys  will  yield  a 
detailed  record  of  the  sound  propagation  environment  during  the  experiment. 

Potential  environmental  contributors  to  acoustic  ambient  noise  were  also  recorded. 
On  an  hourly  basis  the  wind  velocity,  swell  height  and  ship  sightings  were  recorded  at 
FLIP.  In  addition,  two  ship  location  surveys  were  conducted  by  P-3  flights. 
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Preliminary  Results 

CW  Tones'.  CW  tones  above  50  Hz  were  identified  at  individual  phones  using  11 
incoherently  averaged  1892  PT  FFTs  (98  sec.  of  data).  A  large  variation  in  tonal  signal 
to  noise  ratio  was  observed  over  the  array  aperture  (5  to  35  dB  S/N  @81  Hz).  Further 
narrow-band  processing  is  required  to  identify  the  CW  tones  below  50  Hz  transmitted 
at  long  range.  These  low  frequency  tones  and  their  harmonics  were  observed  in 
transmissions  at  close  range. 

MLS'.  The  80  Hz  MLS  sequence  was  identified  at  a  long-range  cross-correlating  the 
received  signal  with  a  replica  of  the  transmitted  sequency.  Up  to  9  individual  acoustic 
returns  were  observed  from  a  single  transmission.  There  was  a  general  correspondence 
between  the  observed  arrival  times  and  the  predicted  arrivals  across  the  array. 

Ambient  noise:  Ambient  noise  spectral  shape  was  closely  correlated  with  historical 
spectra  for  areas  of  heavy  shipping  traffic.  Long  term  data  showed  an  increase  in 
ambient  noise  levels  above  100  Hz  with  increasing  wind  speed,  particularly  for  the 
upper  portions  of  the  array. 

Navigation:  Preliminary  acoustic  navigation  of  the  array  indicated  that  the  12 
kHz  system  operated  properly  and  the  array  was  nearly  vertical.  Accurate  transponder 
locations  will  be  calculated  from  12  kHz  data  acquired  by  the  Narragansett. 

FLIP  and  Narragansett:  GPS  positions  will  be  used  to  locate  the  transponder 
network  with  respect  to  the  acoustic  source.  Acoustic  navigation  of  the  HLF  3  will 
provide  detailed  source  location. 

In  summary,  the  VLA  Experiment  has  produced  a  rich  data  set  of  low  frequency 
acoustic  propagation  and  noise.  Both  the  acoustic  source  and  receiving  array 
performed  well  throughout  the  experiment.  Acoustic  navigation  of  source  and  receiver 
will  allow  position  corrections  to  be  calculated.  Extensive  environmental  data  may 
allow  for  accurate  modeling  of  the  acoustic  propagation. 
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Figure  I.  Time  line  for  array,  acoustic  transmission  and  environmental 
data  collected  during  the  VLA  Experiment,  September  1987, 
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PROJECT:  Horizontal  Digital  Acoustic  Array  for 

Study  of  Residual  Noise 


PROJECT  LEADER:  John  A.  Hildebrand,  Assist.  Prof,  of  Geophysics,  (619)  534-4069 


The  objective  of  this  project  was  to  develop  a  large  horizontal  acoustic  array 
capable  of  studying  the  distribution  of  low  frequency  (10-200  Hz)  noise  in  the  ocean. 

The  horizontal  array  was  constructed  and  a  successful  horizontal  array  test  deployment 
was  conducted.  However,  before  a  data  collection  expedition  could  be  conducted,  our 
efiforts  were  redirected  to  construction  of  a  vertical  array  for  the  ONT  Single  Vertical 
Line  Array  (SVLA)  experiment  of  September  1987.  The  horizontal  array  was  modified 
for  operation  as  a  vertical  array  and  successfully  recorded  120  channels  of  acoustic  data 
for  the  14  day  duration  of  the  experiment. 


History  of  Horizontal/Vertical  Array  Development 

During  March  1985  the  MPL  horizontal  array  und'  rwent  a  deployment  and 
retrieval  sea-going  exercise.  A  1.5  km  nylon  line  was  deployed  in  a  horizontal  mooring 
to  test  the  array  deployment  and  retrieval  operations.  During  August  1986  the 
horizontal  array  underwent  a  sea-trial  in  the  California  borderlands  in  1050  m  of  water. 
Horizontal  array  deployment  and  retrieval  procedures  were  improved  and  reduced  to  a 
routine  operation.  A  problem  was  experienced  with  breaking  of  array  pressure  case 
connectors  during  this  deployment,  especially  when  the  deployment  ship  was  poorly 
aligned  with  the  face  of  FLIP  during  the  initial  stages  of  deployment.  Five  array 
subsections  were  tested  electrically  during  the  deployment  and  were  found  to  reliably 
work  in  concert.  During  January  1987  the  array  was  deployed  from  the  research 
platform  ORB;  telemetry  accuracy  was  tested  and  found  to  be  adequate  for  a  complete 
12  section  array  (120  channels).  During  March  1987  array  element  navigation  was 
tested  from  the  ORB  using  a  network  of  bottom-moored  acoustic  transponders.  During 
June  1987  the  array  was  deployed  in  the  vertical  mode  from  FLIP  and  an  engineering 
test  was  conducted  of  array  noise  performance  and  navigation.  The  SVLA  expedition 
was  conducted  during  September  1987  and  a  complete  120  channel  vertical  array  was 
deployed.  The  array  met  all  performance  requirements  for  the  experiment,  accurately 
recording  both  long-range  sound  transmissions  and  acoustic  ambient  noise. 


MILESTONES 

FY85 

March  1985  --  Sea-test  of  horizontal  array  mooring  procedures  with  FLIP. 
FY86 

August  1988  -  Sea-test  of  50  element  horizontal  array  moored  from  FLIP. 
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FY87 

January  1087  -  Sea-test  of  120  element  array  suspended  from  ORB. 

March  1987  -  Sea-test  of  array  element  navigation  from  ORB. 

June  1987  -  Sea-test  of  vertical  array  suspended  from  FLIP. 

September  1987  -  SVLA  Expedition,  120  element  vertical  array 
suspended  from  FLIP. 
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PROJECT:  Very  Low  Frequency  Ambient  Noise  Observations 


PROJECT  LEADER:  William  S.  Hodgkiss,  Associate  Professor,  (619)  534-1798 

Victor  C.  Anderson,  Professor  Applied  Physics,  (619)  534-1793 


Flow  noise  has  been  a  serious  limitation  to  the  measurement  of  the  true  ambient 
infrasonic  acoustic  background  noise  in  the  1-20  Hz  band.  Even  the  very  low  water 
velocities  associated  with  deep  ocean  bottom  currents  create  turbulent  pressures  that 
obscure  measurements  in  the  region.  The  obvious  solution  is  to  have  an  array  whose 
elements  do  not  move  relative  to  the  surrounding  water.  The  Swallow  float,  a  buoy 
which  is  less  compressible  than  water,  is  a  device  which  acts  as  a  Lagrangian  particle, 
moving  with  the  water  and  thus  is  a  suitable  platform  for  support  of  an  infrasonic 
receiving  array  element. 

The  element  of  the  MPL  Swallow  float  array  is  a  spherical  glass  Swallow  float 
which  contains  three  geophones  as  directional  infrasonic  receivers,  a  compass  for  buoy 
heading,  an  acoustic  pinger/transponder  for  localization,  a  solid  state  memory  data 
buffer,  a  digital  tape  data  recorder,  and  an  acoustically  actuated  ballast  release. 
Several  of  these  elements  can  be  deployed  in  a  random  configuration  to  create  a 
spatially  distributed  array.  Each  buoy  records  the  sampled  and  digitized  infrasonic 
data  continuously  and  periodically  records  compass  beading  and  arrival  times  of  the 
"roundrobin"  pinger/transponder  pulses  and  echoes. 

After  recovery  of  the  buoys,  the  time  bases  can  be  synchronized  from  the 
reciprocal  travel  path  times  of  the  pinger  pulses.  Then  the  travel  time  data  can  be 
used  to  determine  the  relative  location  of  each  buoy  as  a  function  of  time,  and  finally, 
the  infrasonic  element  data  can  be  combined  coherently  to  form  directional  beaths  for 
analysis  of  the  spatial  structure  of  the  noise  field. 

In  this  program,  twelve  (12)  Swallow  floats  were  taken  to  sea  and  deployed  as  a 
freely  drifting  vertical  array  of  VLF  sensors.  The  buoys  were  deployed  adjacent  to  the 
900  m  aperture  vertical  array  deployed  during  the  High  Gain  Initiative  SVLA 
experiment  in  September  1987.  Currently,  the  data  from  this  experiment  is  being 
analyzed  in  an  effort  to  ascertain  the  flow  and  strum  contamination  present  in  the 
SVLA  array. 
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PROJECT;  High  Resolution  Velocity  Sensing 


PROJECT  LEiADER:  Robert  Pinkel,  Assoc.  Res.  Oceanogr.,  (619)  534-2056 


Fine  Seale  Shear 

The  fine  scale  shear  field  in  the  sea  plays  a  major  role  in  dispersing  sub-surface 
signatures  which  might  be  usefully  tracked.  In  quantifying  the  preformance  of  any 
potential  non-acoustic  detection  system  it  is  necessary  to  know  both  the  spatial  and 
temporal  structure  of  the  natural  background  shear.  Prior  to  this  program,  the  space- 
time  behavior  of  the  fine  scale  shear  was  inferred  directly  from  the  larger  scale,  more 
easily  measured  shear  field. 

Spectral  models  such  as  those  proposed  by  Garrett  and  Munk  (1972,1975),  were 
used  to  quantify  the  predictions.  The  models  featured  many  simplifying  assumptions, 
some  of  which  lead  to  unrealistic  predictions.  Such  was  the  case  for  the  fine  scale  shear 
field.  The  models  predicted  that  the  fine  scale  shear  would  have  the  same,  slow 
characteristic  evolution  time  as  the  large  scale  shear.  If  this  were  the  case,  any  rapidly 
changing  shear  event  must  presumably  be  man-made,  and  would  be  easily  detected.  If 
the  natural  background  shear  changes  on  a  faster  time  scale  at  small-length  scales  than 
at  large,  contrary  to  the  model  assumptions,  the  non  acoustic  detection  problem  will  be 
much  different. 

It  is  appropriate  to  actually  go  to  sea  and  look  at  the  combined  depth-time 
variability  of  the  shear,  to  settle  this  issue.  Such  a  program  was  proposed,  using  pulse 
to  pulse  coherent  sonar  technology.  It  was  subsequently  funded  under  the  present 
contract. 

A  four  beam  161  kHz  sonar  system  was  constructed  during  the  late  1985  and  early 
1986,  for  use  from  the  research  platform  FLIP  (Fig.  1).  The  sonar  had  a  maximum 
range  of  50m  in  the  coherent  mode  (400m  in  the  more  conventional  pulse-to-pulse 
incoherent  mode  of  operation),  with  $l'm  sup  3$  range  resolution.  It  was  first 
operated  at  sea  in  a  January  1986  test  cruise,  and  subsequently  run  for  a  7.5  day 
continuous  run  in  the  October  1986  PATCHEX  experiment.  Data  were  collected  over 
the  depth  range  130-175m  in  a  variety  of  environmental  conditions. 

With  the  sonar  transmitting  20  times  per  second,  and  shear  profiles  being 
estimated  every  1.6  sec,  a  wealth  of  information  was  obtained  on  the  fine  scale  shear 
field  in  PATCHEX.  It  is  appropriate  to  point  out  two  fundamental  results  of  the 
program  to-date.  First,  the  time  scales  of  the  fine  scale  shear  were  indeed  was  vastly 
different  than  extrapolation  from  larger  scale  would  predict  (Fig.  2).  Rapidly  varying 
small  scale  shear  is  much  more  common  in  the  upper  ocean  than  the  models  predict. 
This  greatly  alters  the  complexion  of  the  non  acoustic  detection  problems. 

A  second  deliverable  from  this  component  of  the  program  is  an  estimate  of  the 
ultimate  performance  limit  attainable  using  the  acoustic  Doppler  technique.  The 
incoherent  precision  of  the  coherent  Doppler  sonar  was  sufficiently  high  that  the 
dominant  measurement  noise  was  associated  with  the  swimming  of  the  targets,  mainly 
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zooplankton.  Swimming  activity  was  found  to  exhibit  a  strong  diurnal  behavior  (Fig. 

3).  This,  of  course,  is  no  surprise  to  biologists.  The  surprising  aspect  is  that  swimming 
speeds  are  significant  compared  to  those  which  need  to  be  resolved  for  the  non-acoustic 
detection  problem.  The  effects  of  scatterer  swimming  noise  can  be  reduced  by  choice  of 
sonar  operating  frequency  and  scattering  volume  dimension.  To  the  extent  that 
scattering  sonars  might  themselves  prove  useful  as  non-acoustic  detection  systems,  the 
minimization  of  "scatterer  swimming  noise”  will  be  a  key  element  in  the  system  design. 

The  coherent  sonar  developed  for  this  program  is  presently  being  reconfigured  for 
deployment  in  the  1989  CEAREX  experiment  in  the  Arctic  Ocean.  Here  it  will  be 
suspended  under  the  sea  ice  and  operated  in  a  hybrid  coherent/incoherent  mode.  The 
under-ice  boundary  layer  will  be  sensed  coherently.  The  ambient  internal  wave/shear 
field  will  profile  to  400m  depths  in  the  incoherent  mode.  Following  CEAREX,  v.e  hope 
to  modify  the  sonar  for  deep  ocean  use.  This  involves  the  deployment  of  a  signal 
multiplexing  system  for  the  sonar,  which  will  enable  the  use  of  a  less  expensive  cable  to 
suspend  the  instrument.  Funds  for  this  development  are  presently  being  sought. 


10 


Marine  Physical  Laboratory 


MPL-U-37/88 


Figure  1.  A  coherent  sonar  developed  at  the  Marine  Physical  Laboratory,  for 
upper  ocean  studies.  The  four  beam  system  operates  at  160  kHs.  It  has  a 
range  of  25-50  m,  with  a  resolution  volume  of  several  cubic  meters. 
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Figure  2.  A  wavenumber  frequency  spectrum  of  the  shear.  Cross  sections  are 
plotted  as  a  function  of  vertical  wavenumber  at  frequency  bands 
corresponding  to  periods  of  44-16  hrs  to  1-.7  hrs.  The  large-scale  information 
on  the  left  comes  from  the  MPL  75  kHz  incoherent  sonar  system.  Small-scale 
information,  on  the  right,  is  provided  by  the  coherent  sonar. 
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Figure  3.  A  comparison  of  sonar  accuracy  and  scattering  strength.  Note  that 
inherent  accuracy  is  reduced  by  nearly  a  factor  of  two  during  the  peak 
migration  periods  at  dusk  and  dawn. 
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